Objective: Prior research has documented sociodemographic disparities in the use of antiretroviral therapy (ART). Recent therapeutic developments and changing epidemiological profiles may have altered such disparities. We examine the extent to which sociodemographic differences in prescribed ART have changed between 2002 and 2008.
N umerous studies demonstrate the beneficial impact of combination antiretroviral therapy (ART) in the treatment of human immunodeficiency virus (HIV) infection. [1] [2] [3] [4] [5] [6] However, research has consistently shown sociodemographic disparities in the receipt of ART. [7] [8] [9] [10] [11] [12] [13] [14] [15] Data from 2001 in a large multistate, multisite sample showed that women, blacks, injection drug users (IDU), and the uninsured were less likely to receive ART than their counterparts. 16 Significant improvements in HIV care have occurred since these studies were conducted, including expansion of available antiretroviral drugs and regimens, simplified dosing, and greater tolerability. 17, 18 These advances, combined with the development of programs to identify, test, and treat patients with HIV infection, may have increased rates of ART use over time and possibly reduced sociodemographic disparities in ART receipt.
In the changing epidemiology of HIV infection, blacks and Hispanics are now disproportionally affected, accounting for 69% of new HIV infections, while only representing 29% of the US population. [19] [20] [21] Similarly, the proportion of women infected with HIV has increased. 20 The increasing numbers of infected patients from disadvantaged segments of society may contribute to lower rates of ART use. Factors such as distrust of the health care system, potential differences in prescribing patterns by HIV providers based on perceived likelihood of adherence, and more frequent ART discontinuation by minorities may lead to increasing disparities over time. 12, [22] [23] [24] [25] Advances in HIV therapy, changing epidemiological patterns, and changing guidelines about when to start ART 26 require an updated evaluation of disparities in ART use. This study examines trends in receipt of ART between 2002 and 2008, focusing on changes in sociodemographic differences (ie, sex, race/ethnicity, HIV risk group, and age) as a function of time.
Assessment of disparities requires that groups be comparable in terms of need for care or disease stage. 27 Moreover, group differences in ART use may be greater at earlier disease stages, when ART guidelines allow greater clinical discretion, than at later disease stages. Therefore, analyses also examine whether sociodemographic differences in ART vary by disease stage, as reflected by CD4 cell count history.
METHODS

Study Design and Participants
We conducted a serial cross-sectional analysis of ART prescription in HIV-infected adults enrolled in the HIV Research Network (HIVRN) from 2002 through 2008. The HIVRN is a consortium of sites that provide primary and subspecialty care to HIV patients, as previously described. 16, 28 Fifteen sites treat adult patients. Data from 13 sites, located in the northeastern (6) , midwestern (2) , southern (2), and western (3) United States, were included in this analysis. The remaining 2 sites discontinued participation during the study period. Eight sites have academic affiliations. All adult patients (at least 18 y old) with at least 1 outpatient visit and 1 CD4 test in any calendar year between 2002 and 2008 were eligible for inclusion.
Data Collection
Data were abstracted from medical records at each site and sent to a data coordinating center after personal identifying information was removed. Data used in these analyses encompassed the period from January 1, 2002 through December 31, 2008. Problematic data elements were identified, reviewed with the site, and corrected. After this quality control and verification process, data were combined across sites to achieve a uniformly constructed multisite database. The study was approved by Institutional Review Boards at the Johns Hopkins University School of Medicine and at each participating site.
Definition of Variables
The dependent variable was combination ART prescription, defined as a prescribed regimen of multiple antiretroviral agents, including nucleoside/nucleotide reverse transcriptase inhibitors (NRTIs), non-nucleoside reverse transcriptase inhibitors, protease inhibitors, integrase inhibitors, a fusion or entry inhibitor, or 3 acceptable nucleoside/nucleotide reverse transcriptase inhibitors. This definition of ART was as inclusive as possible and unlikely to exclude any preferred drug combinations. Patients were considered to receive ART if they were prescribed any of these combinations at any time during a calendar year. ART receipt could vary from year to year for individual patients.
To determine disease stage and eligibility for ART, we reviewed each patient's chronological history of CD4 results and associated test dates. ART guidelines in the United States from 2002 to 2008 recommended use of ART for CD4 levels <350 cells/mm 3 ; use of ART at higher CD4 levels was at the discretion of the provider. 29 On the basis of dates of CD4 levels <500 and 350 cells/mm 3 , we classified each patient-year in terms of CD4 history as (1) no history of CD4 level r500 cells/mm 3 ; (2) one or more CD4 levels r500 cells/mm 3 but none r350 cells/mm 3 in the current year or a prior year; (3) 1 CD4 level r350 cells/mm 3 in the current year or a prior year; and (4) 2 or more CD4 levels r350 cells/mm 3 in the current year or a prior year (defining ART eligibility). Given the inherent variability in CD4 measurement, many clinicians do not start ART until obtaining a second, confirmatory CD4 test r350 cells/mm 3 . The fourth category ensured that patients truly met the CD4r350 cells/ mm 3 threshold. Also to accommodate CD4 variability, we allowed for 2 transient drops, defined as 1 level r350 cells/ mm 3 followed by the next test result >350 cells/mm 3 . If a patient had 1 drop, the date of the third CD4 level r350 cells/mm 3 defined the year of ART eligibility; if a patient had 2 drops, the date of the fourth level r350 cells/mm 3 defined the year of ART eligibility. Patients who met multiple criteria in the same calendar year were classified in the more advanced disease stage category. Over time, persons could transition from less severe to more severe categories (but not in the opposite direction); once in category 4, they remained there for the rest of the study period.
For each year, patients' age as of July 1 was divided into 4 groups: 18-29, 30-39, 40-49, and over 50 years old. Race/ethnicity was categorized as non-Hispanic white, non-Hispanic black, and Hispanic. Self-reported HIV transmission behavior was grouped into IDU, men who had sex with men (MSM), heterosexual transmission (HET), IDU combined with MSM (MSM/IDU), and IDU combined with heterosexual (HET/IDU). The MSM/IDU category is routinely used in national HIV surveillance, and distinguishing HET/IDU from the IDU category has been recommended. 30 Insurance coverage at the first outpatient visit in each year was categorized as private, Medicaid, Medicare or dual eligible, uninsured or Ryan White funding, or unknown. Insurance status could change over time.
Data Analysis
The patient-year was the unit of analysis. The analytic sample was restricted to patient-years in which the patient was in care (defined by having at least 1 outpatient visit and 1 CD4 test in the year) and to patients who enrolled between 2002 and 2008 and were aged 18 or older. Patients entered the study in different years, and some subsequently dropped out of care or died. The mean number of years contributed to the analysis per patient was 2.8, with a maximum of 7 years.
To ensure complete data, we excluded patients who had 0 or only 1 CD4 test ever recorded (n = 2474), those with a CD4 level <501 before 2002 (n = 475), and those who were already prescribed ART in 2000 or 2001 (n = 1377). To enhance interpretability of complex interaction effects, we removed patients with race/ethnicity or risk group coded as "unknown" or "other" (n = 1594); analyses that included this group produced results similar to those presented below. The final analytic sample comprised 39,251 person-years from 14,092 individuals.
Because ART prescription in each patient-year was dichotomous, we used multivariate logistic regression analysis.
Generalized estimating equations, with an unstructured correlation matrix and robust variance estimates, were used to accommodate correlation among multiple observations per patient. To focus on trends over time, calendar year was treated as a continuous rather than as a categorical variable (ie, represented by 1 linear term). All models included indicators for each HIVRN site to capture any site-specific differences in ART prescribing patterns.
Our hypotheses focus attention on 3 sets of interaction effects. First, the extent of sociodemographic disparities in ART prescription could vary over time. This could result in 4 interactions: between each demographic characteristic (sex, race/ethnicity, risk group, or age group) and year. Second, disparities could vary in terms of disease stage, yielding 4 potential interactions, between CD4 history and each demographic characteristic. Finally, ART prescription could vary as a function of the combination of year and CD4 history.
To determine the best logistic regression model, we randomly divided the sample into 2 groups of patients and performed model selection procedures separately in each random half sample (Supplemental Digital Content 1, http:// links.lww.com/MLR/A279 for details of model selection procedures). The final model selected was reestimated on the entire sample to produce final estimates. To aid in interpreting the final model, we calculated predictive margins, a form of direct standardization. 31 Insurance status can be viewed as mediating the effect of sociodemographic factors. For this reason, adjusting for insurance in multivariate models could reduce the magnitude of estimates of sociodemographic differences. 27 We therefore initially estimated models excluding insurance. After model selection, insurance was added to the model to assess whether adjusting for insurance affected sociodemographic differences. Analyses were conducted in STATA 11 (College Station, TX). Table 1 shows the distribution of patients' characteristics for each year. Yearly sample sizes increased from 1674 in 2002 to 8973 in 2008, as more patients entered and remained in care than dropped out or died. Distributions of sex and race/ethnicity were stable over time, with the majority of patients being male and of minority race/ethnicity. The percentage of patients who were aged 50 or older doubled from 13% in 2002 to 26% in 2008. The majority of patients had HIV transmission risk factors of MSM or HET, with the latter rising from 36% in 2002 to 44% in 2008. The percentage of the sample who ever had 2 or more CD4 cell levels r350 cells/mm 3 increased from 43% in 2002 to 61% in 2008, as expected because once patients entered this category they remained there.
RESULTS
Descriptive Analyses
Among all patients, the observed percentage prescribed ART increased from 60% in 2002 to 81% in 2008. Among those with 2 or more CD4r350 cells/mm 3 , 82% were prescribed ART in 2002, increasing to 92% in 2008. In each year, the proportion of patients prescribed ART was lower among those at earlier disease stages, although these groups also showed an increase in 2006-2008. Even among patients with no history of CD4r500 cells/mm 3 , the percentage receiving ART increased from 32% to 54% ( Fig. 1 ).
ART rates increased over time for each demographic subgroup. Nevertheless, in each year, unadjusted differences in ART prescription rates were evident. In each year, more men than women were prescribed ART. Hispanic patients were slightly more likely to be prescribed ART than white or black patients. Older patients were more likely to be prescribed ART than younger ones. Before 2007, patients with a combination of MSM and IDU risk factors were least likely to be prescribed ART.
Multivariate Analyses
The final logistic regression model included 3 interaction terms: CD4 history by year, age by year, and age by CD4 history. No 3-way interaction involving year and CD4 history was significant, and other 2-way interactions were not significant at P < 0.05. Table 2 shows the exponentiated coefficients for this model, estimated on the full sample; also shown are adjusted odds ratios (AORs) for the model including only main effects. Women were significantly less likely than men to be prescribed ART [AOR = 0.83; 95% confidence interval (CI) = 0.76, 0.91]. Black patients were less likely than whites to use ART (AOR = 0.79; 95% CI = 0.72, 0.86). Although patients with an MSM/IDU risk were less likely to be prescribed ART than those with MSM risk (AOR = 0.81; 95% CI = 0.67, 0.97), the overall set of riskgroup indicators was not significant (w 2 = 7.74, df = 4, P = 0.10).
Predictive margins summarize the effect of each variable (or combination of variables) by averaging predicted values from the logistic regression model over other covariates. Across all years and CD4 categories, the mean predicted probability of ART was 0.71 for men and 0.68 for women. Mean predicted probabilities were 0.72 for whites, 0.68 for blacks, and 0.73 for Hispanics. For risk group, predicted probabilities were 0.70 for MSM, 0.70 for IDU, 0.71 for HET, 0.70 for HET/IDU, and 0.66 for MSM/IDU (results not shown). Table 3 shows mean predicted probabilities for age and CD4 history, by year, specifying a linear time trend. Overall, predicted probabilities were higher for older patients and for those with more advanced disease. For age group trends, the difference between 18 and 29 year olds and the other age groups increased over time; ART use increased for all age groups but somewhat more slowly for the youngest group. The time coefficients for those aged 30-39 (1.05), 40-49 (1.07), and 50 or older (1.09) were each significantly different from the time trend for the youngest group (1.02); the coefficients for the 3 oldest groups did not differ significantly from each other (w 2 = 3.78, df = 2, P = 0.15).
For the CD4 by year interaction, the time trend became stronger at more advanced disease stages; the difference between the 350-500 cells/mm 3 group (AOR = 1.03; 95% CI = 0.99, 1.07) and the group with 1 level r350 cells/mm 3 (AOR = 1.08; 95% CI = 1.04, 1.12) was significant (w 2 = 6.28, df = 1, P = 0.01), as was the difference between the latter group and those with 2 or more CD4 levels r350 cells/mm 3 (AOR = 1.15; 95% CI = 1.11, 1.19; w 2 = 12.41; df = 1; P = 0.001).
Age group differences in ART use were more pronounced at earlier disease stages (Table 4 ).
Insurance Status
A model including interactions between insurance status and (1) year and (2) CD4 history produced results virtually the same as the model excluding insurance (Table 2) . Thus, adjusting for insurance did not change the observed pattern of disparities over time for other characteristics. Interactions between insurance and year (w 2 = 36.82, df = 4, P = 0.001) and insurance and CD4 (w 2 = 29.65, df = 12, P = 0.001) were significant (Supplemental Digital Content 2, http://links.lww.com/MLR/A280; Tables A and B). Mean predicted probabilities of ART were 0.68 for private, 0.72 for Medicaid, 0.73 for Medicare/Dual, 0.70 for none/Ryan White, and 0.70 for missing.
DISCUSSION
These results, from a large multisite sample, provide updated information on trends in ART receipt. The overall proportion of patients in HIV care who were prescribed ART increased from 60% in 2002 to 81% in 2008. Among patients with a history of > 2 CD4 levels r350 cells/mm 3 , the proportion prescribed ART increased from 82% in 2002 to 92% in 2008.
Rates of ART prescribing were about 30% higher than rates documented in the early ART era (1997) (1998) (1999) 14, 15 ; more recent studies have reported rates of 70% to 89% for eligible patients (CD4r350 cells/mm 3 ). 11, 12 Of note, we examined any ART prescription during a 1-year period, whereas others examined ART use at 1 time point. 15 Varying time periods for assessing ART use and differences between prescriptions and patient-reported consumption could produce noncomparable rates.
As expected, the likelihood of ART prescription increased as disease stage advanced. The current study differs from prior research 16 by using a disease stage variable defined in terms of each patient's cumulative history of CD4 measurements. For all CD4 groups, the proportion prescribed ART increased steadily over time, most strongly for those with one or more CD4 tests r350 cells/mm 3 . During this period, use of ART at CD4 levels >500 cells/mm 3 was at the provider's discretion. Nevertheless, by 2008 nearly half of those with no history of a CD4 tests r500 were prescribed ART. The element of discretion in the guidelines at higher CD4 levels suggested that other factors besides clinical necessity could affect ART receipt, resulting in possibly greater disparities for patients with less advanced HIV disease. However, interactions of CD4 history with sex, race, and risk were not significant, casting doubt on this hypothesis. Racial/ethnic disparities in ART receipt have received considerable attention. A review of 28 studies conducted between 1984 and 1999 concluded that HIV-infected racial/ ethnic minorities had a lower rate of utilization of antiretroviral medications than whites. 13 Among participants in the Women's Interagency Health Study, both black and Hispanic patients had a lower likelihood of ART receipt than whites. 11 In contrast, other studies report higher ART rates among Hispanic than white patients. 14, 16 This study found roughly equal adjusted odds of Hispanic and white patients' receiving ART. The proportion of non-Hispanic black patients prescribed ART remained around 4 percentage points lower than whites throughout the observation period. Future research should confirm and elucidate differences among minority groups (eg, black and Hispanic patients) in ART receipt.
Sex disparities in ART receipt have also been of concern. Prior research reported that ART receipt among female HIV patients was 5-10 percentage points lower than among male patients, without adjusting for other variables. [14] [15] [16] Unadjusted sex differences in our study ranged from 4 to 13 percentage points, depending upon year, but the adjusted 3-percentage point difference was consistent across time. Interactions between sex and year were negligible in all models. Thus, sex disparities in ART receipt persist, even in a context of generally increasing use of ART among all subgroups.
Disparities in ART receipt by age have not received as much attention as sex or racial/ethnic differences. Age differences in ART prescription rates also persisted over time, with adjusted differences between the youngest and oldest groups as much as 15 percentage points. In each year, the proportion prescribed ART was greater in the older than younger age groups, although ART rates were generally similar in the 40-49 and 50 and older groups. Adjusted differences between the oldest age groups and the youngest one widened slightly over time. Prior studies have also reported higher ART rates among older patients. 12, 16 Older patients may be seen as leading more stable lives and as more likely to be adherent compared with the 18-29-year-old group, whose circumstances may be more disorganized and who may have less experience with HIV care. Given the growing numbers of older patients with HIV and newly infected youth, these results emphasize the importance of understanding factors producing age differences. The association of HIV transmission risk factors with ART use is inconsistent in prior research. Some studies show that patients with an IDU risk factor are less likely, or take longer, to receive ART than MSM. 7, 15, 16 Other studies do not find a significant association. 11, 12, 14 In the current study, overall risk-group differences in ART use were not significant, although there is some evidence that ART rates among patients with an MSM/IDU risk are especially low. These patients may not be equivalent to those with only an IDU risk. Future research should confirm whether MSM/IDU patients differ from IDUs in terms of ART receipt, utilization of other services, or clinical outcomes.
Differences in insurance coverage are often considered as potentially mediating or explaining disparities among demographic groups. 27, 32 Adjusting for such mediating variables in multivariate analyses could explain part of the unadjusted sociodemographic differences, resulting in reduced magnitude of residual sociodemographic effects. For example, in 1 study significant black-white differences in ART receipt became nonsignificant when insurance status and education were controlled. 15 It has been argued that assessment of demographic disparities in health care should control for health status but not for "downstream" mediating factors such as insurance or socioeconomic status. 27, 32 To focus on assessing demographic disparities, main analyses excluded insurance coverage and other possible mediators, such as number of outpatient visits and number of CD4 tests, unlike a prior HIVRN study. 16 However, adjusting for insurance did not alter the pattern of demographic differences in ART receipt, suggesting that insurance status did not explain demographic disparities in this analysis. Indeed, unlike much research in general populations, those with private coverage had lower rates of ART use than those with public coverage. This may be due to fewer limitations in medication coverage for public plans, as well as the availability of resources provided by state AIDS Drug Assistance Programs. Future research should confirm these results and obtain more detailed information on ART restrictions in private insurance plans.
The current analyses have some limitations: First, the multivariate models represented time effects by a linear term, rather than treating calendar year as a categorical variable. The latter strategy would have required estimating many additional parameters for interaction effects involving year. Moreover, anomalous patterns for 1 or 2 years in the middle of the series might have contributed to significant interactions that would be difficult to interpret. Second, the dependent variable reflects whether ART was prescribed; data reflecting the extent of adherence to prescribed regimens were unavailable. Third, the risk-group variable was based on self-reported probable mode of HIV infection; we did not have data showing whether patients were actively engaged in substance abuse while receiving HIV care. Access to ART may depend more on current substance abuse behavior than on historical mode of HIV infection. Fourth, although multisite studies have greater generalizeability than single-site ones, the HIVRN data are not nationally representative; rates of ART prescription may be lower among providers with less experience treating HIV than the HIVRN providers. Fifth, Some CD4 counts were obtained after the last outpatient visit in a year, and the algorithm for determining the CD4 history category included these counts; however, this occurred in a relatively small number of person-years. Finally, nonreceipt of ART may arise from provider reluctance (eg, concern about adherence), from patient concerns (eg, mistrust of the medical system), or both. 33, 34 Unfortunately, information was not available that showed whether patient or provider decisions influenced nonreceipt of ART among those eligible, limiting our ability to explain observed disparities. In summary, the proportion of HIV-infected patients prescribed ART increased notably between 2002 and 2008. Increases were observed in all sociodemographic subgroups, especially among those eligible for ART according to guidelines in place for most of this period. Nevertheless, racial/ ethnic and sex disparities persisted. The 2010 National Healthcare Disparities Report summarized findings for several core measures of quality of care as showing improvement from 2001 to 2007, but racial/ethnic disparity measures changed little, consistent with this study's results. 35 A priori, one might expect that disparities could increase over time, if more advantaged groups had better access to new therapies. Alternatively, more widespread dissemination of ART could narrow disparities, especially if use in more advantaged groups had plateaued. The fact that ART use increased among traditionally disadvantaged groups, such as women and black patients, is encouraging and shows that improvements in care are possible for such groups. If quality is improving for disadvantaged groups, why is the gap in care not narrowing? The processes producing a pattern of fairly constant group differences in the context of overall improvement require further explication. Future research should continue to investigate factors that contribute to the persistence of sociodemographic disparities in ART receipt.
